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Gentlemen: 

As  port is 1  fulfillment  of  the  requirements  for  the 
ree  of  Master  of  Civil  Engineering,  I  have  the  pie-  - 
sure  of  submitting  this  thesis  for  your  evaluation*  I 
hope  that  the  work  clone  in  this  inver      m  mmf   in  some 
way  be  of  value  to  future  inv      tors  studying  the 
base  exchange  properties  of  cl-ys. 

I  would  like  to  take  this  opportunity  to  exnress 
my  thanks  and  appreciation  for  the  knowledge  snd   help 
that  you  have  given  me  during  my  studies  at  the  Insti- 
tute • 


PREFACE 

Since  clay  in  one  of  the  -est  bothersone  foundation 
teri  la«  the  Soil  Mechanics  Department  of  Renaselaer 
Polytechnic  Institute  1b  carrying  out  a  s  ries  of  inter- 
related invest ig-  tions  on  the  proeerties  of  cl\ys.  This 

is  la  h  bbaII  r>a.rt  of   that  pvograa  and  traa  decided 
upon  in  an  attaapt  to  settle  aaoa  of  the  questions  raised 
by  Lieutenants  W«  J.  Christensen  and  Willian  R«  cJtephen- 
son  in  their  studies  of  alaatro ■ oawoala«  The  seope  la 
nee     ily  limited       •  limitations  were  discovered 
durir.      invent!     ;<-.   i  Interesting  field  of  study 
of  baaa  t  a  n  opened  up,  however,     It  is 

felt  that  pone  future  in-         B  couj/  by 

folio-  Mtfc« 
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2BTB0BUCTI0H 

In  previous  worV  on  electro-osmosis  by  Lieutenants 
Christensen  and  Step1     .,  difficult'  wrp  encountered 
in  cvslu      the  results  of  their  experiments  because  of 

wns  1       in  their  cl.      les«  blow* 
ing  nothing  of  the  characteristics  of  the  clay  w  t    Loh 
they    o  worklngi  such  as  the  kind  of  adsorbed  ions  ore- 

t,  they  could  not  definitely  say  what  changes  had  taken 
piece* 

This  uncertainty  resolved  itself  into  the  nroblem 
of  obtaining  or  producing  a  clay  of  known  eharaeteristles9 
or  better  still,  a  clay  with  only  ana  kind  of  adsorbed 
ion,  in  "  I    enou.     entitles  to  be  used  in  electro- 
tosis  experiments.   Such  a  all  "     nt  be  a  pure  II-clay, 
kh  an  H-olay,  an  expei  Lsplaoa  the  H  ions 

wit  ions,  Al  ions,  and  any  other  desired  lona  by  us- 
the  proper  elect rod  i«  The  resulting  elsya  could 
be  analysed  for  changes  In  liquid  and  plaetic  13  Lti  .  It 
on  be  datel  whet  ler  or  not  stabilisation  re- 
sults froffl  osmosis  or  in  combination  with  more 
stro  gly  :  tons,  a  theory  on  which.  Christen-  nd 
St e  he n so:  d i s e grs ed ■ 

It  wafl  felt  that  electro-dialysis  Blight  be  i  )lution 
to  l  practical  problem  of  production.  This  nathod  would 
then  involve  a  stu<    -  Q        0  e  olay  in 
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question  to  determine  if  -.  nc!  -  hen  the  exc    ;e  was  com- 
plete in  order  to  injure  a  pure  ii-clny,  With  %h  e- 
ticel  problen  in  nind,  the  author  undertook  this  invest  i« 
ion  of  cation  •»    -e  on  clnye  by  a*an0  of  clectro- 

d in lysis. 
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THIOHY 

The  theory  of  ion  exchange  on  colloids  bas  been 
ivm   for  sone  tine,   Seleholts  is  generally  given  credit 
for  determining  the  eeehaiilss  by  which  ?uch  an  exehan 

takes  place*  The  Flelmholtz  double  layer  concept  in  its 
final  form  proposes  that  colloid  1  particle*  hare  ad- 
sorbed on  their  surfaces  either  a  positive  or  ne  native 
layer  of  ions  that  results  from  unsatisfied  ralencej  -  t 
the  broken  faces  of  the  particles.  This  first  layer  of 
Ions  tends  to  attract  by  Induction  a  diffuse  second  layer 
of  oppositely  charged  particles.  This  adeorptive  force 
conforms  to  the  equation* 

r  .  It  Q]  Y  Qg  ,    (figure  1) 

9 

where  q^  and  qg  are  the  charges  and  d  is  the  distance 
separating  them. 

If  in  a  stable  colloidal  solution  part ie lea  of  equal 
charge  -md  smaller  radius  than  t       aorbed  on  the  col- 
loidal surfaces  are  introduced,  the  force  of  attract ion 
for  the   new  ions  will  be      I er  than  t  adsorbed 

iorir  -  11  take  place*  Thi(        ion  is 

kno^.  "  or  "ion  exchange**  The  rate  of  this  ex- 

:  depend s  in  part  upon  the  probability  of  the  sew  ion 
getting  close  i    q  to  the  broken  aurfaoe  to  effect  the 
change,  end  thus,  upon  the  concentration  of  the  new  ion 
(figure  2). 


As  clny  is  colloidal  by  definition,  it  Lfl  believed 
that  ion  exchange  play*  an  Important  role  where  stability 
is  concerned.  The  stability  of  a  clny  is  primarily  de- 
pendent upon  its  water  content.  Therefore  any  method 
that  "ill  control  its  water  contert  will  in  some  measure 
control  its  stability.  There  ere  two  factors  in  c 
hydrotion  that  stand  out,  its  lattice  structure  rm&   its 
>rbed  io"  . 

Lth  rerr>ect  to  lntt:ce  structure,  there  are  four 
o iassif lost ions  of  claya,  fcaollnite,  illite,  mont- 
rillonita,  end  the  amphlbole-like  olays*  At  the  one 
extreme  is  kaclinite,  whose  lattice  If     Lded  into  two 
sheets,  a  tetrahedral  silicon  she  t  nnd  a  gibbaita  meet. 
The  oontaot  surfaces  of  adjacent  lattices  consist  of 
oxygen  ions  on  the  one  side     hvdroxal  ions  on  the 
other.  The   strong  attraction  of  these  Ion*  m   res  this 
lattloe  a  tightly  knit  unit  very  difficult  to  break  down 
or  to  pe  .,h  wi  ter.  At  the  other  extreme  is 

>rillonite,  whose  lattice  is  composed  of  a  tetr*  - 
hod  re  1  silicon  sheet,     bbsite  raeet,     another  tetra< 
bedrel  silicon  sheet «  The  contact  surfaces  of  adjacent 
lattices  in  this  oli  y  consist  of  oxygen  ions  alone,  mv- 

kev   bond  that  Hows  water  to  penetrate 
between  Lattices  and  dec    5 it ion  to  take  place «  The 
otiicr  classes  of  clays  I      tewhere  in  between  tiiese 
two  • 
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Since  ion  eic  surf  ce  phenomenon,  one  c-n 

■e«  that  the        o   oity  of     arlllonite  la  jsaeb 

ter  than  that  of  kaolinite,  due  to  t         cur- 
fi  ee  nreo         S«  The  looee  structure  of  BOntaorlllOB- 
Ite  even  allows  i  >as  to  penetrate  within  the  voids  of  the 
lattices*   It  is  this  exchange  capacity  that  we  are  in- 
terested in  aa  a  I  of  stabilization. 

In  order  to  understand  how  this  as      and  sta- 

bil     )tt  would  t     Lace,  we  should  understand  ionic 
ration.         ,  for  :     tee,  :■ 

Ln  solution  due  to  its  attraotlvc  force-  for  dipolar 
Leculcs  [figure  3).  Bane  Jenny  is  gives  credit 
for  Llei  ions  hydrate  to  the 

.est  extent  end,  m         ft   ~ult,  end  up  with  the  lar- 

zed   radius  is  the  dcter?"    -  factor     force 
of     rptiOQ  la  considered,  the  ionic  oharge  jErelng  the 
easy  for*  ic  sc  res 

rder  of  Bds<         reli    -f  lone  aa  follows: 
rptlon:    <  <  KXBb<Cs<H 
Be:     Li>  St  >  K  >Kb>Cs  ?  H  . 
A  similar  series  exists  for  bivole'it  arid  trivalent  ions. 
It  taay  be  seen  that  nttrection  is  in  reverse  order  of 

ionic  radios  excent  for  hydrogen.  This  series 
is  disturbed  in  aoaa  cV:y  e       by  the  tendency  of 
003  to  deh    te.  The  hydrogen  ion  is 
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crse  la  that  it  bahaYea  contr-ry  to  the  hvdrrtec  radiue 
theory •  It     anarelly  ecoepted  that  the  adaorptloo 

.  :  in  ion  la  -lore  ehemleal  than  eleotroatatie« 
Inetead  of  bei       -   ed  from  an  al 

fl}      oalclua  Ion  would  bo,  the  hydro- 
gen ion  actually      i   to  tha  electron  orbit  of  the 

I  ion  (flgura  4).   la  the  process  of  exc      then, 
and  la  axel     alone,  the  hydrogen  ion  acta 
deh      d* 

The  probl    >t  pro  3~al  f   La        ly 

•  t  ■  atabl'  ntc            af  olay*« 

1  5?  t    >st  atj    "   4   -  "-ed 

ion  of  all4  '■'  -upplv  thaea  hydrogen  ions 

Buffioient     .  Lty  tc  it  th<         to  tnke 

,     to  remove  tha  replaced  loaa  to  I  Ltata 

".  actios  of  V.k   dialysis 
cell. 

m   theory  of  such  a  cell  la  al    .   -  he  cell  con- 
slats  of  three  e  ted  by  irous 

y  to  ions.  Bleotrc        taerted  in  tha  t    a  con- 
part&enta  (figure  7).  The  alay  eolation  la  al  cod  in 
the  center  oomparti         ter  for  receiving  the  dis- 

lone  li  >3  >ad  In  t   end  c         .     .   a 
volt--        lied,  tha  folio    action  t     place*  Dis> 
boo  la  ted  ^^rc  n  the  center  compartment  replace 

the  ons  (figure  5A).  o  :-t- 
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to  oted  to  the  c-  - 

,  ,  y  sol     .   '.11  not, 

eve:        ■  '"  ions  ■::.  il:  I  the  'node  (figure 

SB)*  If  distill-    tar  li  usee  la  til         tt« 

Ll  BO  electrolysis ,  t;:is  action  continues  un- 
l .  1 1 5.  o  o  9   Q    8  i  s  c  ossp  1  c-;  t  e  «   If  e  1  e  c  t  r  o  1  y  i 

c;«  ,  the  M  ter  that  braaka  down  baa  the  follow- 
ers. The  hydroxal  ions  at  the  a nor   -ye  up 
electrons  and  oxygen  is  released*  The  hydrogen  ions 
at  tha  eathoda  receive  electrons  from  the  oathodt 

off  ?;    .rogen  gas  (figure  6)*  This  result?     as 
acid  nnolyte  and     I    allna  entr.oiyte.  rxhe    process  is 
v'*>i  t  nova  complicated  v       billed  water  is  not 
d* 

:  ;        C(  ■true* 
y  in  I 

.•  '•  by  a 

rna«  ttioa 

struct  .    a  1    roparty  of  diffn  i        ^   in  « 

..  to  tnat  one  struct  x  .  If  any  c':-  oga 

otura,  thJ 

•<-.  in  t;-      tars  o       at  ion 
Tim      i  o  Pded  on  X~r^  y  f  j  I  , 
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APPAI 

The  following  equipment  war  uftftdl 

1000  watt,  120  volt  ga&olln*  driven  d.c.   ^on- 
er a  t  o r  { f I gu re  8  J . 

b.  Dialyaifl  cell  node  from   a  storage  battery  case 
(figure  9). 

c.  Cnrbon  electrodes,  mabmerged  aren  «  31,6  inches2, 

d.  oat]         -trode,  submerge  area  ■  B5#6 
lnehe&£« 

e.  far      speed  nV'rrer. 

f.  D»C,  f     ter,  0*180  voltr. 

h.  »r« 

?  .      tea:  -y         Iffy  etlon  equipment* 

II  experimentation  wrs  aone   in  the  soil  aiOB 

oratory  on  Avenue  B  the  Ricketts  build; 

sei  Lc   Institute,   Troy,    Sew  York* 
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IRE 

1  procedure  for  i  -veral  m               it 

due  to  discoveries  made  rev  ions  runs.   In  all  Basel 

clay          r'ed  by  grinding  it  ver           .  .on 

I  eve  analysis*  In  most  oases  '                   of 
sd« 

cell  used  in  eneh  c  i    as  one  of  t\  La  by 

the  author  (figure  9)#  They  were  Bads  from  a  standee 

pAitonobile  storage  battery  sawed  Into  three  equal  seg«* 
nents  nlomr  the  longest  dimension.  Cell  •>!  had  four  noles 
drilled  longitudinally  in  the  walls  to  receive  the  bolts 
used  to  olaan  thl  S     te  to      .    j.bber     its  were 
ured  between  the  ^e^rients  to  oaks  the  cell  watertight « 
Cellophane  membranes  were  used  in  every  c^se  and  were 
placed  so  as  to  separate  the  segments*  tbled 

the  cell  Co;.    d  of  three  dirtir.ct  watertight  compart- 
ments a6  |  c-.  it  to  t    .ibr^ncr,  spaced  about  3  3/4  I  Q 
rt.  The    ;  s      ■  of  U&G  volts  wi    sneeted  across 
as  electrodes.  This  cell  wf,s  used  in  R".     only. 

Due  to  difficulties  a     tered  Ip  Hun  #1,  t 
first  cell  -  verflow 

•r.F  to      of  the-:  tWO  end  co       >nts 

for  constant  elrcu]  ition  of  the  dialytesu  This  ce' 

use  d  when  Run  .   .s 
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the  leak  could,  not  be  l       ,   ...   cell  m  ch 

;  ly  frc        '  .   Ine 
ad  running  tie  bolts  f      the  cell  walli  , 
the      it  fae<  d  to  ■  S9 

ere  used  ■  or 

oh  rur  redetermined     tnt  of  water  ' 

added  to  e-u;  b  all     .  levels  would 

I  to  the  center  ooepert- 
ere  It     oonat  3   ,  . 

the  rune  pt  of  tee  t     ra~ 

ture  of  the  d^      I,    e  current,  ,    ci.  the 

valuea  of  the  dl     e.  In  eeeh  ease  the  run  was 

etinued  until  the  pTl   indiccteri  that  ion  eic        -8 
complete  or  until  i      i       tlonfl 
to  etc  . 

>n 

t?  I  -t- 

r  or  not  t  -ture 
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RUN  #1 

Cell  ft   waf  used  for  this  run  with  no  circulation 
of  the  dialytes.  In  each  of  the  two  end  compartments 
1000  cc  of  distilled  water  was  placed.  In  the  center 
compartment  925  cc  of  distilled  water  and  800  g3    of 
an  unknown  clay  were  placed  so  as  to  give  1000  cc  of  so- 
lution, Subsequent  analysis  by  X-ray  diffraction  proved 
this  clay  to  be  primarily  attapulgite*  This  was  more 
or  less  borne  out  by  a  differential  thermal  analysis 
that  indicated  the  clay  was  different  from  kaolinite, 
illite,  and  nontniorillonite.  A  monel  metal  anode  and 
a  carbon  cathode  spaced  3  3/4  inches  apart  were  used  in 
this  run. 

This  first  run  was  to  determine  what  ions  would  be 
removed  in  order  to  see  what  chemical  tests  would  be  neces- 
sary la  determining  the  order  of  base  exchange.  This 
would  eliminate  nakillg  tests  at  th<     :ous  time  inter- 
vals for  ions  that  were  not  present • 

The  IPO   volt  source  was  applied  across  the  electrodes 
and  immediately  there  was  evidence  of  ?;  liber- 

ated at  the  cathode*  The  pH  began  to  climb  quite  rapidly 
at  the  cathode  and  to  decrease  at  the  anode.  Th.;  s  change 
continued  for  the  first  4  hours,  after  which  the  pH  le- 
velled off,  p.  phenomenon  that  was  to  have  been  used 
an  :     tion  of  completion  of  base  exchange*  Treatment 
was  continued,  however,  for  another  80  hoars      .-e  pH 
remained  substantially  the      at  both  electrodes. 
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After  some  8  hours  of  tr     it,  the  clay  began  to 
P  ok  ut)  on  the  •        brant        reen  precipitate 
began  to  f  de.  The  clay  wpb  perio    Lly 

scraped  fro      aabrane  I     p  it  from  olo    :  and 
to  provide  better  dispersion.  The  effect  of  the  0 logged 

would  here  been  eta  increase  in  the  res     oe 
to  ion  flow.  The*,   green  precipitate  wag  identif' 
the  hydroxides  of  deeper  and  nickel,  indieatis     t  the 

)de  was  being  i  t1         n  electrolysis  process • 

The  excessive  alkalinity  and  acidity  in  the  end.  00  - 
partmenta  and  the  constant  pr.r  values  after  only  4  to  8 
hours  of  treatment  indicated  that  the  procedure  wet  not 
correct*  / illowing      Bin  n  ;ed  ions  to  aceuiiul  te  in 
the  end  c     "tmenta  caused  an  esmotiti    laure  to  build 
up  sufficiently  to  stop  the  b^se  exchange*  4  condition 

equil.lbr.lun  had  been  eel    shed  but  the  baea  exehange 

■  not  complete • 

The  dlalyte*  were  given  a  qu     Live  che  leal  i  •  tl« 
us  is  to  determine  what  ions  were  removed*  It     found 

aim  war  definitely  present  in  the  enolyte,  a 
surprising  development*  There  were  traces  of  -lu^inum, 

•  na sium,   ad  c a  3  c  i ex  in  the  c ■  t ho  1  y t e «  Th  1 1    nt 
that  the  clay  was  predominant  in  calcium  ae  nearly 
could  be  determined  fr     ii  run.  It  can  reasonably 
be  i   ad  I  .t  the  preeenoe  of  calcium  at       de 
indieated  i     "it  breakdown  of  at  least  so  e  of  the 
clay.  This  Is  the  only  way  in  which  calcium  c  uid  ap- 
pear at  the  anode §  at       '.ex  ton,  instead  of  at  the 
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eathoda  aa  a  ■!  pie  aalaiua  ion.  It  li  felt  by  Tiany 
that  tills  does  occur  with  the  nontmorillonites  r-n6 
phlboles* 

a  sample  of  the  slay         for  diffraotlon 
rn  purposes.  These  patterns     itibaaquantly  lost, 
aa  for  Run  #£f  by  a  p&otograph  proce; 
laboratory  before  ic     enta  coulcl  be  r- 

aa  whether  or  not  there  wai  any  difference  batwaan 
.tterna  before  and  eftar  traetment* 
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RUN  #£ 

In  order  to  alleviate  the  osmotic  pressure  result- 
ing from  too  nigh  an  ionic  concentration  at  the  elec- 
trodes, it  was  decided  to  circulate  the  dialytes.  Dis- 
tilled water  would  have  been  the  most  satisfactory  me- 
dium in  order  that  the  dialytes  could  be  analyzed  quali- 
tatively, but  a  three-day  supply  was  not  available.  Tap 
water  was  therefore  used.  An  overflow  ni^e  r^ncl   an  in- 
fluent tube  were  added  to  e<  cl)  oompartment  nnd   water  was 
circulated  at  as  fart  a  r^te  as  the  overflov/  pipes  would 
:e« 

It  was  thought  that  a  greater  dilution  of  the  clay 
would  do  so     ag  to  prevent  the  electrophoresis  of 
the  particles  by  allowing  more  to  remain  in  solution. 
For  this  reason  the   leant  or  liquid  was  doubled  in  all 
compartments.  All  other  conditions  were  the  sans  as  in 
Run  #1  and  the  same  arocedure  was  followed. 

Hash  the  same  thing  happened  as  in  Hun  fpl   except 
for  two  noticeable  things «  The  current  rose  to  n  much 

r  value «  but  this  w    btributed  to  the  ehanged 
set-up.  The   green  precipitate  began  to  form  in  l^r,.-e 
quantities  i  i   t  n   rapid  rate*  This  was  Burpriain  , 
since  it,     felt  t       oireulation  of  the  dialytes 
would  prevent  this.   t  the  and  of  el     >urs,  he  - 
ever,  th     >de  overflow  pipe  clogged  ;::      ned  the 

'  te  to  flow  over  into  the  center  compartment.  The 
run  was  ^toopocl  and  the  anode  removed. 
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■t  least  half  o;  hnd  been  corroded  eo  - 

pie"  '    ty  by  the  electro lytio  not  Ion «  Inspection  of 

the  1  stirrer  r       that  It 

the  d  .         of  tl    •  e- 

,  .      for  ^ajs  run. 

To  prevent  further  corrosion  it  v/es  dec  id 
carbon  would  b      for  the  anode  oa- 

thode.  a  glass  stir  Ton  bstituted 

one,        Ith  these  o       mde9  Run        continued 
bef or<  . 

A  c    ;e  in  tec         also  to  tx   ide«  With 
Circulate    ter  In  tl    t  c        n  it  whs  thought 
that  a  return  to  normal  of  the  pB  v     of  t'     lytes, 

J  r  v  lus  before  tr 
Indicate  no  further  removal  ad    orbed       It  w 

rent,    iver,  rery 

in  t'    oeess«  For  this  w 
..  .... 

It  w&a  felt  uld 

•    i"  te  of 
in  01  >f 

cir     Let ion,  ,  Ptg 

i  m  elec I 
off,    I  >n  exohan  -e  e       id 
be   co 

.nee  t  ter  was  being  circulated,    however, 

Leal  ■  nalysls  eoi  to  see      i   t  io 
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vbat  order.  For  this  j en son 
1   i     •■'         i        to  be 
analyzed,  '       >le,  ■  ftp  ».   a  ;ranh.io 

Tiie  run  in  »ely  7 

when  the  pH  re     p  indicated  t 

plate*  Thifl  would   re  to  be  ?.■■  ,        r- 

aitting,  by  further  analysis*  Hotting  nev 
in  this  run,  Gaa  eae  conti         ittec"     ath  elec- 
trodes, Clay  did  peck  up  on  the  anode  i  in 
due  to  electrophoresis,         r  aethod  would  have 
to  be  devised  to  prevent  this- 

fter  this  run  it  m  noted  that       o      -in 
to  take  on  a  spongy  appearance «      surface  wos  ioate« 

tt  soft  fmd.  powdered  carbon  could  be  rubbed  off.  Ap- 
parent1 y  the  i  oxidized,  i  none  forme  of 
oarbon  are  known  to  oxidise  under  eiiailar  conditions* 

X-ray  diffraction  samples         n  obtained  after 
treatment  but  their  oati     were  lor  ly 

id  • 
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i ferent  cl  :sr es  of  cl 
In  rt        i  i      '.on  to  an  I  -cl     i  Lonifl 

run  u  It 

t  a  1      "  ■    ad  in  the  oeXl  h 

i         r  severe!  sttompta  to  stop  t 
:"  in  the  01     1  one.      roeedure  did  not  vi 

n  Run  i  P.   am         electro     re 
used. 

As  usual         volved  at  both  electr        cloy 
to  be  renoved  fron  the  anode  aembrene  at  regular  in- 
tern  3 1  .   I  one  tj  o  Lpo 

;  cci.  ...on 

to  Hun  §1   existed 4      wae  apparent  1     pil 
ro      .  lion  i  responsible  in 

trend  that  fol- 
(  .  It  is  believed,  however,  that  variations  In  the 

whe 
0S<3     Lug  P^  curves  that  were  rv      ,    ds  oan  be 
ted,  sines  elsstrol?  1  to  the  ap- 

plied voltt  for  part  of  the     lue  is  t 

to  be  *x  direot  result  of  electrolysis* 

Diot  of  tiit  «aa  no  surprli  ,    it 

revealed  t     alin  to  have  less  axe 

the  stta     te.  This  was  evidenced  by     Leaser  slopes 
of  the  curves,  Indi  ^er  tande  toy  to  give  up 
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adaorbad  ions  and/or  fewer  adaorba4  ions.  The  reason  for 
the  "and/or"  is  that  conplete  removal,   f  indie  ted  by 
the  downward  yll   trend  ?it  the  cathode,  took  the  MUM  length 
of  tine  ftf  for  attarmlr;ite.   If  there  were  only  fewer 
rdsorbed  ions,  they  should  h  ve  been  renoved  sooner,  un- 
less r;;'te  of  exchange  la  just  as  dependent  upon  the  con- 
centration of  the  adsorbed  ions  as  it  is  upon  the  con- 
centration of  the  substituted  ions. 

After  approximately  70  hours,  when  the  pH  trend  in- 
dicated conplete  exchange,  the  run  was  stopped.  A  aattpla 
was  again  taken  for  A-r<iy  diffraction  Purposes.  A  co> 
parison  of  the  diffraction  oatterr.s  before  and  after 
trc-  tnent  showed  a  definite  increase  in  the  dimeters  of 
the  diffraction  rin^s.  The  most  probnble  explanation 
of  thlfl  would  be  that  the  lattice  structure,  though  not 
ohangedj  was  strained      result  of  aosa  part  of  the 
exchange  process. 
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RUN  ,#4 

To  follow  the  sens  line  of  re 
in       ,         ,       .  ,  bentonite  was  use. 
run.  aed,  bentonite  (       ril- 

lonite)  la  t;»e  sxtn        of   flexible  lattice  struc- 
ture. This  wee  evidenced  by  what  followed  in  this  run, 

"c?ed  to  t       -  in  the  center  cora- 

pftrt  nt     It  bec<  e  difficulty 
would  be  encountered..  The  c:    proved  to  be  thlxotrople 

and  except  for  the  area  direst ly  at  to  the  stirrer, 

centr. r  co*           s  full  of  .   .  benton- 

ite  is  v<<ry  e>:    "ble  it  wee  evldi  to       ted 

been  used,  but  it  v     aided  to  see  whet  would      n. 

the  voltage  w?     tiled,  the  current     I  lately 
rose  to  6.7     res,  almost  thirty  ti  si  t 
Initial  v?;lue.   At  the  end  of  one  minute  thli  value  hv& 
risen  to  I     res,  and  '      ■  ,-de 

off  1.  oter  scele,  0  in  t    Irst  a  se 

in  the  latter.  The  current  rose  to  10  amperes 
tie  oil  Q  to  bubble.  ■  uch 

oathode.  Stei        to  iise 
fr         1     :  ire  of  75  °C. 

The  0"  i  to  the  stirrer 

ecu 
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rt  of  the  gel,  equiv  lent  to  86  f$ 

was  removed  and  an  eqi       at  of  distilled  water  was 
ed«  Two  cooling  gridr         ed  in  the  center  c 
which  tap  water  was  circulated  in  an 
.  ort  to  keep  the  temperature  down. 

Lth  these  c;    r-  made,  the  run  w*s  started  •  gain* 
Much  the  saae  thing  happened  at  before,  except  that  the 
pH,  temper*  ture,  p.nd   current  were  enough  lower  t     efore, 
it  was  thought 9  to  continue  the  run.  The  ?        evo- 
lution and  bubbling  of  the  gel  took  plaaa 
developments*  At  the  end  of  7  hours,  however,  it  i 
apparent  that  there  waa  a  leak  in  the  out node      ae«  . 
This  «ae  due,  no  doubt,  to  embrittle  lent  of  the  ■  ic  :- 
brane  oauaed  by  the  excessive  heat*  The  cathode 

aa  in  all  runs  end.  brittle  to  a  cert- in  extent, 

the  anode  neatbrana  rt      pliable*  Thi;    Id 
5  aena  other  Bembr&ne  aterial     t  be 
used  to  ad van  8a1  ode  aide* 

In  order  to  cut  down  on  the  ion  ,  con- 

sequently, the  current  and  te-inerr-'ture  the  run  waa  be- 
gun  again  using  a  new     La  of  100  gr&raa  of  bentoaite. 

high  raluea  were  recorded  for  the  first  SO 
nlnutes,  after  which  tisa  the  nanbrane  ruptur  d    Ln« 

11  three  tr    a]         up  on   the 
to  a  mxch  ter  degree  than  in  any  of  t      v     runs. 

tte     i   to      n  II— b^'     ,        odoned  In  order 
tore  work  could  be  done  on  the  attapulgite* 
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RUN  #5 

The  purpose  of  tale  run       see  exeetly  what  ef- 
fect t     :  tide  else  had  on  the  r-'te  of  ionic  exchange* 

b  oil  of  the  effects  of  ea  ultrasonic  v.r      are 
known,  especially  on  clays*  The  vibrations  Been  to  have 
the  effect  of  dispersion  and,  at  the  sane  ti  mt    of  floc- 
culstion*  In  this  run  a  8000  cc  solution  with  200  gn 

ttapulglte  wee  subjected  to  vib:    ris  at  1000  kilo- 
cycles per  second  for  one  minute.   After  the  vibration 

te  of  the  c:       settled  very  e    Btly  in  the  bot- 
tom of  the  container  while  the  rest  forn.ee!  a  rt  1     o- 
aeous  solution*  The   same  electrodes  were  usee    in 
previous  runs  nnd  the      .  ocedure  as  for  other  tta- 
te  runs  wee  used. 

One  of  the  effects  of  the  vilsr-tion  was  ft]     at 
s  the  pfl  value  at  the  cathode  indicated  a 
faster  rate  of  exchange  then  had  previously  been  noted 
with  atti     -to.  ffhat  is  >oret  the  pH  climbed  to  a 

er  value  bi      current  was  generally  higher «  This 
was  to  be  expected,  since  the  rate  of  ezeh       a 
function  of  surface  ';re,*     the  vibration!    re  the 
necesf     ncreased  dispersion. 

The  second,  -  ^ortnnt  end  interest! , q  , 

phenomenon  resulting  from  the  vibration  was  1     t  no 
did  the  cl     re  -  tendency  to  p':Cfr  ud  on  ti 

possible  explanation  is  here  submitted. 
I  eele  t       ce,  the  neg?ruively  c; 

-35- 


•r  particles  are  cr^wn  to  the  eaodo*  The  .Icles 
ore  large  enough  (force  of  re--  m  of  two  p  lee 
is  inver  V     "to  the  distance  betv/een  th< 

-red)  no      the  C  esive  forces  OVeroc 

repulsive  force-      ia  olay      ap  or,       xle 
But  when  the  el  ay  ir-  ribrated,  it  le  brota 
Into  r^rticles  email  eiv     o   that  the  renu'sive 
forces  OTerooJM  the  cohesive  forcer  rt icles 

a In  in  solution  instead  of  p*     ;  up  on  the 

.  >o y  for  mora  olay  to  Battle 

to  the  bottom  of  the  eel      ,  b  of  the 

flocc     m   effect  of  vibr-iti  . 

point*  in  the  run  the  motor-g<  aerator  set 
cut  out  an     off  about  as  hour.  'feet 

of  starting  the  yll  values  at  the  electrodes  back  to  nor* 

'•  Other  than  the*  two  event* f  the  run  »roceaded 
normally  until  the  fourth  day* 

an  the  4570 

i  of  i  tor  c       it 

elay 

i  ted 
b- 

Q  extreme  differ' 
t*«   It  haTQ  bee.  de- 

",y  en  tetrate  t 
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In  order  to  determine         of  this  phenomenon 
run  wee  continued  to  ild  happen.  The 

next   r  '  kg,  ;-"  wv%T$   the  thre>     Id  levels  « 
-  te  bo  the  run  wee  s1    ft«  An  inspection  of  t     si- 
ne re  or  the  Osual  type,  due  \  ibrit- 
tleaent*  The  difference  in  3      levels  could  be  ex- 
plained only  by  t        OS  of  sorne  force  aoving  the 
solution  from  th<    fcer  compartment  against  the  hydro- 
static hi        until  the  hole  bee-  e  too  large* 

?es  of  the  clay  were  t-  en  for  X-ray  diffrac- 
tion analyslfi  fter  vibration  end  before  treatment,  when 
first  devf         I  when  the  run         -'ted, 
A  no     son  of  these  diffraction  pattern*      inuica- 

trend  of  inereaein  •  i  '-ers  after  tre    .tt 

thou     t  so  pronounced  as  for  kaolin.  This  is  pern 
tlainable,  A  diffraction  pattern  ii         .e  pat- 
1  of  the  lattice  structures  present  in  the 
e,  Kaolin  has  &   definite  structure  wit       .  le 
fixed  thickness,  A  straining  of  this  lattice    Id, 

re,  be  rather  notieeVD.le,  On  the         ,  at- 
iss  s  looser  lattice  structure  with  a  thick- 
I   varies  from  one  to  two  t:<     U  lest  value. 

The  cl     rticles  in  a  diffract! on     le  mi;;  I   ve 
lattice  thicknesses  throughout  this  whole  ran  ;e,  and 
i   diffraction  pattern  is     I  r    for  all  of  taese 

.  Any   straining  of  t     .tices  in  t      se 
Id  not  show  up  t  roc.   It  is  felt 

&  folic  straining  of  tl    t     strusture  did  take 

e, 
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Before  it  could  be  determined  exactly  how  :uch  of 
m   clue  to  ionic  tXOba&ga,  t      ects  of 
electrolysis  0  to  be  clete  as 

decided,  therefore,  to  sake  a  r  n  using  distilled  water 
alone  in  the  center  c       nt.  Keeping  la  mind  tit 
tilt    .  r  undoubtedly  would  not  renct  the  ut 

I  it  did  with   cloy,  the  nuthor  felt  l       ir 
co  ip^rison  could  n evert  •« 

m   sane  set  of  electrodes  war  used  and  tha  santa 

procedure     followed  t ■■:..■   tout  the  run* 

octed,  the  pH  values  were  slow  to  c       nd  to  reach 

unexpected       trend  at       de 
could  not  r         .  ..   ined*   It  WUJ  also  notic . 

t  the  anolyte  was  slightly  turbi<  ,  .,:  .o- 

not,       allied  so  Tor  almost  2  hours, 
n  to  fall* 

The  notor-geiierator  set  cut  out  as  off 

")thar  t       •,  the 

run  procr  I !y.   ■■  fte;      48  hours  t 

v  lues  level!    i  ...  for  1 

next  24  hours,  at  which  time  the  r       toppec  . 
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CONCLUSIONS 

Despite  the  many  variables  and  limitations  in  an 
investi gat ion  of  this  sort,  quite  ■  few  rather  definite 
conclusions  may  be  drawn  from  it*  As  an  investigation 
of  the  practical  problem  of  producing  a  pure  fl-clay  for 
further  use,  it  has  been  shown  that  such  a  conversion 
from  an  unknown  clay  to  an  II-clay  can  be  effected.  The 
definite  return  of  the  pH  at  the  cathode  to  a  known 
value  due  to  electrolysis  »lone  indicates  rather  de- 
cidely  that  ionic  exchange  has  been  carried  to  comple- 
tion. Definite  proof  of  this  theory  was  obtained  by 
the  spectrographic  analysis  made  by  R.  F.  Reuss  in  his 
work  on  spectrographic  ana lysis  methods  of  identifying 
clays  on  the  sample  uaed  in  Run  #£b.  The  disappearance 
of  the  calcium  line  indicated  th*t  calcium  had  been  re- 
zed  from  the  clay*  Its  appearance  again  after  treat- 
ment was  probably  due  to  ■      tea  in  procedure*  The 
final  sample  of  clay  was  taken  from  the  cell  the  day 
after  the  run  was  completed*  Tfaia  allowed  the  calcium 
and     .esiura  in  the  tap  water  to  pass  through  the 
branes  by  dialysis  and  into  the  cl      •  ro- 

cess  the  percentage  of  calcium  nnd   magnesium  increased, 
ae  accurate  results  could  have  been  obtained  if  there 
had  been  tine  to  na    ore  than  one  analysis  to  obtain 
an  average.  The  need  for  such  an  average  is  evident  in 
the  variation*  in  nerc    ;e  trends.  There  is  enough 
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consistency*,  ho- ■  v*  ,  to  cc  to  V       ci 

the  i  :-;lyris.  felt  t 

not  completely  r   v  indie  t   . 

Th-  a  of  ■    -bento- 

roble:  „  I   that  ro«- 

I  e   v        ' 
in  t    Lnrestlg     .  Thm   thizotropio  properties  of 

t he  Olay4  ft]  excepti    Lly       urrent, 

.  lenities,  current  is 

Ld  bre--'  rt  of  o]     ttiees.    re 

inv-  ght  reveal  th  ge 

■.■:  ■  »  j   •   :  oarers ion« 

The  1:  th  t  fteo  be  tr  -till  be 

or  dr 

m   the  experiments  performed  it  may  be  stated 

indication  of  bese  exc 
eompletioii|  the  return  of  the  eatholyte  pH  to       1 

ue.       return  been  expected  upon  ex- 

i  of  the  factors  aff<  ct:         „  The  only 

ids  fr     oetro lysis,  iv   % 

>rbed  ions  lone.  The  pre- 

sence of  '•  b-  se,  and  t    dsorbed  lot 

■.on  c     .r*-tion  cau:        .  -or 
.  rbed  ior     no  1 

ion  C  to 

ue  caused  by  elect:      «    Lb  fur 
in  the  ^vr 
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It        9  be  concluded  t      e  difficulty  of 
electrophoresis  c*n  be  effectively  solved p    at  le     1th 
o  clay  „   >y  bre?     the  8 lay  particles  down  to  a 
11  enou     •  e  this  difficulty  is  ov     e«  Such  a 
procesr  is  another  good  example  of  the  i     ty  of  the 
inverse  rcuare  law«  This  treatment,  as  effected  by   an 
ultrasonic  vibrator,  does  introduce  t  on  of 

a  reduced  oapaoitjr  for  the  cell.  By   decre      the  a- 
wount  of  cl^y  th     j   be  he'd  in  solution,  the  dis- 
persion decreases  the  amount  of  clay  that  nay  be  effec- 
tively treated  at  one  tinio.  This  problem  Blight  readily 
be  solved  by   a  cell  oi  Larger  proportions. 

In  any  further  work  t       t  be  done  on  elcctro- 
ysis,  a  cell  of  different  proportions  and  v-:e-up 
should  be  usee.  It  is  the  opinion  of  the  author 
effective  electrode  and  Beaabrsne  arear  are 

U  nee.  For  this  reason  a  cell  of  increased  rela- 
tive width  i   decreased  relative  lea       Id 
used.     or«  efrective  c.  thode  nembrane  should  also 
t  in  order  to  overcome  f     britt       roo- 
lem.  If  this  problem  could  be  ali  t-unb- 

"  .  it  of  bentonites      be  re- 

moved • 

i  a  study  of  the  base  exchange  properties  t     n- 
rastigation  revealed  as  nun?  possibilities  as  conclusions 
The  ■iceeseity  of  ui       water  eliminated  t;<e  possi- 
bility of  d  order  of  re  Lite- 
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tive  ehemieal  means.   Only  a  sufficient  supply  of  di 
tilled  Hittr  could  el 

diffract ion  patterns,  ho     ,   id 
o  substantiate  i     rally  acce        >ry  con- 
cerning ionic  adsorption*  The  atralning  of  the  c' 
lattice  by      toed  h:  n   ions  can  most  logically  be 

ex-     n3  by  the         of  bo  -•  But)         re  no 

ace  was  efore.  If  ther  pie  surf 

exc      >i    y&n      n  ion  for  ■  oaleiun  ion,  this  con- 

paid  not  e;;ist.  ^ut  the  formation  01     feer 
molecule  by  the  addition  of  a  i^x  en  ion   i       >xoi 

ion  woul<   blefy  the  requirement*  This  belief  is  fur- 
r  sub;     -ted  hy   the  f^ct  t      hydro,  en  ion  heads 
lyotropic  series  for  adsorption  eat   is     loet  dif- 
ficult to  reaoTe* 

iH  curves    inst  t.         :ie& 
by  electrolysis  another  conclusion  ni^y  In 

>f  exc         Mt  r:   i        begi:       d  con- 
tinues t        e  up  to        point.  This  points  to 
Lbilit       rate  of  exc  ent 

ub- 

te  concluded  becnuse  the  con- 
a  .hT-  t_on  of         touted  Ion  r  -  liy 

const  nt« 

■st  interest  in  s- 

atudy       order  of 


(46) 


exc  eetrographla        .  Guch  a  study  would 

not  only  per  it  ■  determination  of  the  order  of  excha 
but  p.Ipo  of  the  compere  tiv-:  rtee  of        »  X   lat- 
ter cictcj.  it   furnish  an  inter         -in 

ic  aarias*   iidh  a  study 
•  ered  by  the   presence  of  only  one         ion 
on  the  c       '/zed. 

It  la  trie  opinion  of      uthor  that  oo     rably 

more  work  nam  on   elaetrodialysis  bffore 

1  otory     ^d  of  -^roducin^  a  p;.<re  H-clr^y 

Oen  b<     Ined,   "  5/tudy  of  a  continuous  flow  prooei 

it  be  ■  possible  ,  In  any  event  J  feel  that 
nraob  "ore   oould  be  ace       od  by  more  than      ;-uson 
worVin^  tosctner. 
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APPENDIX 
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INFORMATION  FOR  ROM   1 

Anode  -  Carbon 
Cathode  -  ?'onel 
Stainless  steel  stirrer 
One  cooling  grid  used 

Sample  analysis:  200  grains  of  unknown  clay 

Sieve  §       o/o  Massing 
200         1.05 
140         1U05 
60       100*0') 
Water  used: 

Center  compartment  -  9f>5  cc  of  distilled  water 
End  compartments  -  1000  cc  of  distilled  water  with 

no  circulation 


(51) 


DATA  FOR  I     1 


TIME 
(nin) 

TEMP. 

VOLT. 
(v) 

CURRENT 
(a) 

pH 
CATHODE 

DE 

AL 

CA  MS  HA  K 

0 

19 

115 

0.10 

6.55 

6.55 

60 

19 

.Annul.  "JS 

0,30 

10.55 

5.55 

240 

16 

113 

0.20 

11.80 

4.20 

570 

16 

114 

0.20 

12 . 

4.38 

1260 

16 

111 

0.20 

12.01 

5.40 

1440 

16 

112 

0.25 

11.  9 

4.42 

1920 

17 

111 

0.25 

12.19 

4.47 

1935 

STOPPED 

0 

P   T 

rpgi     C 

xc 

•»TM 
tt  p« 

denotes  trace 
denotes  definite 

presence 
Subscript  denotes 
electrode. 

REMARKS: 


Green  precipitate  identified  mm  the   hydroxides  of 
nickel  tmd   copper  formed  at  the  anode. 

Clay  tr*cl   a  tendency  to  peek  up  on  the  anode  lae&br&no* 
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INFORMATION  FOR  SOS  #2a 

Anode  -  Carbon 

Cathode  -  Monel 

Stainless  steel  stirrer 

No  cooling  gride  used 

Sanple  analysis:   £00  grans  of  unknown  clay  passing  a 

35  sieve. 

Water  used: 

Center  oo-npartrnent  -  1925  oc  of  distilled  water 
End  conpartments  -  2000  cc  of  tap  water  with  con« 

stant  circulation. 
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DATA  FOE 


•l) 

. 

VOLTAGE 
M 

C  7.}  3HT 
(a) 

C  IT  :ode 

pH 
AI 

0 

17 

117 

0.25 

5 

17 

117 

0.30 

10*62 

»?a 

10 

18 

117 

0.40 

10.38 

9.00 

30 

19 

114 

0.55 

10.72 

.88 

240 

18 

110 

0.85 

10.66 

7.60 

16,5 

110 

0.70 

10.65 

7.71 

EARKS: 

Overflow  pipes  clogged  by  hydroxides  of  copper  and 

nickel. 
Znti   compartments  overflowed  into  center  compartment* 
Inspection  of  nnode  showed  that  half  of  it  bad  been 

corrode <    y. 
Inspection  of  natal  stirrer  showed  that  propeller 
d  been  corroded  away  °nd  the  rod  was  very 
pitted. 
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-'■ 


f>b 

.-node  -  Carbon 
Cathode  -  Carbon 
glass  rod  stirrer 
I!o  cooling  grids  used 

pie  analysis:  200  grans  of  untaiawn  cloy  passing  a 
#140  sieve ♦ 

Center  co  -n-rtnent  -  1925  cc  of  distilled  water 
End   compartrients  *  2000  cc  of  tap  water  with  con- 
stant circulation. 
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(fie3.) 


t 

18 

0.25  18 

.30  17 

0*30  W 

0.30  16 

0.35  16 

1.45  26 

1.25  18 

0.90  17 

l.ro  17.5 

1.15  IB 

1.00  20 

4200      109       1.20  15 


b) 

(v) 

0 

117 

1 

118 

5 

119 

10 

117 

30 

115 

90 

L  /  -  • 

450 

110 

790 

111 

0 

111 

£160 

109 

2820 

110 

3630 

110 

DK 

ANOBK 

.05 

8.59 

.70 

7. 

0. 

7. 

.96 

7. 

9.01 

7. 

9.30 

7. 

9.47 

7. 

9.57 

7.79 

9. 

7.57 

9.76 

7.47 

10.01 

6.05 

10.07 

5.  ■> 

10.07 

5.57 

10.40 

4e 

10  „ 

4. 

10.50 

4.19 

10. 

3.70 

11.03 

3. 

11  • 

. 

10.71 

, 

10. 

5. 

io.  84 

♦ 

10.76 

3.70 

10.87 

3.66 

10.91 

3.64 

10. 

3  • 

10, 

.54 

10. 

3.50 

10.66 

3.67 

10. 

1-7   /-  r> 

10.71 

3. 

10, 

4. 

10.73 

3.  ' 

10.69 

.04 

9.  :9 

3.43 

9.88 

.40 

9. 

.38 

(56) 


SPECTROGRAPHS  ANALYSIS  OF  3k  ;/2b 


SiO?  Al?03  Feo03 

| 

Before  57,10  23.40  7.70 

1     55.80  23.40  10.05 

5      57.30  24.00  8.01 

10  50.15  22.60  15.05 

30   54.60  21.30  12.00 

150  48.10  24.0}  13.41 

450  54.40  22.30  9.80 

790  56.00  23.50  8.40 

1280  55.90  24.01  14.50 

2160  59.00  25.40  8.85 

After  56.50  25.40  8.40 


CaO 


TIC 


MtfO 


1.08 

0. 

2.22 

- 

0.80 

2.12 

1.B3 

0.76 

2.12 

0.96 

0.76 

o.l5 

0*8 

.79 

2.08 

1.53 

~.79 

2.54 

1.61 

0.82 

£t  $ 

- 

0.80 

2  .Xo 

- 

0.76 

.01 

- 

0. 

1.56 

0.71 

0.74 

2.03 

There  wqf  no   podiua  or  potaaslm  present.  The 
remainder  of  the  sample  was  lost  on  ignition. 
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I*. 


- 


/  n-a  \ 


INFORMATION  FOR  RUN  #3 

/mode  -  Carbon 
Cathode  -  Carbon 
Glass  rod  stirrer 
cooling  gride  used 

Tie  nnalysis:   200  grams  of  kaolin  passing  a  60  sieve 
or  used: 

Center  ooapartaent  -  1925  cc  of  distill*    ter 
End  compartments  •  2000  cc  of  tap  water  wi     >n«* 

st -ait  circulate o  . 
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a 


1 

BO 

19 

10 


VOLT 
(ain)    °c      (v) 


113 
IIS 
115 
115 
11£ 
US 
114 
109 
111 
109 
108 

110 
113 


55 


415 


1460 


19 


19 


18 


17 


16 


13*5 


15 


15 

*6     15 

3310 

55     17 

4185      17 


cur 

P 

B 

(a) 

0ATHO3DB 

7. 

7.10 

6.71 

7. 

6. 

7.P5 

6. 

»g£ 

7. 

•  10 

8.37 

7*10 

8*5£ 

6.96 

6.4'} 

7. 

'••10 

8.61 

7*12 

8*82 

6. 

.94 

7.  ' 

0.15 

9. 

7*! 

9.11 

7, 

9. 

/  #  <J  £ ; 

0*18 

9. SB 

7. 

9.56 

6. 

9.16 

7V 

.15 

9*40 

6*58 

9.; 

.13 

6.92 

3. 

.?5 

7. 

3. 

7.35 

4. 

.43 

0.15 

7/    ~ 

8*73 

7C 

9*52 

7. 

0.20 

9.63 

7. 

9.70 

, 

9.33 

7. 

0.P0 

9. 

9. 

6. 

9.41 

o*80 

9. 

5. 

9.56 

. 

10 1 

o  . 

0*30 

10, 

. 

10. 

, 

10, 

• 

0., 

10*24 

■ 

10*29 

9.99 

4. 

0.20 

10#02 

4. 

10*04 

4.0') 

Minima  readings  at  tine  415  due  to  failure  of 

oireulntiii  time. 
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DIFFRACTION  DATA  FOR  RUN  #3 


Before  Treatment 


■ng  # 

Radii 
(rim) 

Diameter 
(mm) 

1 

1.21 

1.22 

2.43 

2 

1.73 

1.73 

3.43 

3 

1.90 

1.91 

3.81 

4 

2.25 

2.26 

4.51 

5 

2.73 

2.73 

O  .4tO 

6 

3.09 

3.09 

6. IB 

7-3R 

5.95 

6.00 

11.95 

After  Treatment 


1 

1.30 

1.30 

2.60 

2 

1.83 

1.33 

3.66 

3 

1.99 

2.00 

3.99 

4 

2  .36 

e  .30 

4.74 

5 

2.84 

2.86 

5.70 

6 

3.20 

3.22 

6  .42 

7 -BR 

5.99 

6.08 

12.07 

BR  denotes  a  bock  reflection. 
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?ioh  for  mm  H 

Anode  -  Carbon 

e  -  Carbon 
Olaes  ro  ■      rror 

cooli    ride  usee  for  the  first  nine  minute:      I   en 
tv      ■  dd  cc  . 

ne  lys Is :  & 00  gr*  ms  of  Os age ,       •; t  bent o a ite, 

'80  sieve  for  the  first  :rlne  minutes, 
Lch  89  grufl  were  reeved. 
or  used : 

Center  eon       b  -  1925  cc  of  distilled     ■■   for 
the  first  nil         after  whloh  3    re  cc 
were  added. 

...tr  -  2000  cc  of  t  li- 

nt ft  Iretl    .  HI* 
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(IS) 


DAT; 


(  iia)   °c 

(▼] 

CURKSHI 
(a.) 

PH 

0      10 

1 

6.7 

1      18 

105 

8.0 

13      0 

5 

10*0 

9 

STOPPED 

25: 

1  Klniita  -  Dlay  proved  v-  mxotropic.  Much  zns 

111     od  i it  '-node  !•« 

5  minutes  -  ©lay  mix  liquid  at  oatl 

but  not  at  ni;  ;e* 

7  minutes  -  much  ata«a  being  liberated  from  clay  mix. 
■;  ■-•  -  Olay  mix  too  hot§  75  °C* 

ad  450  cc  of  clay  nix  and  raplaoad  - ril   450  cc  of 

distil  lee  water «  Cool  5         :\6?.&m 


T'T" 

a) 

°C 

V 
(v) 

108 

1 

18 

108 

5 

18 

10 

18»5 

110 

i^  D  .0 

110 

4?5 

109 

1 

1 

IT 

pil 

(a) 

ca 

a: 

6.4 

9.33 

".70 

0.10 

.47 

6.6 

11. 

. 

11. 

3.' 

6. 

11.75 

O  .  L 

11.75 

•-^  *  ... . 

7.0 

\\  , 

11, 

* 

5.0 

11. 

3.1") 

11, 

3, 

4.0 

11, 

3.  ' 

11. 

•0 

1     *,o  -  (!     nix  XI   \  (  • 

5  ninuten  -  muc  liber              -ix. 

alay  mix  at  60  °C. 

10  minute*  -  muo      llbar  sa* 

• .   1    tlx  at 

"mites  -  alay     b  70  °C. 

110  minutes  -  elay  mix  at  50  °C. 

425      B  -  leak  developed  in  eathc         e. 
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IHFOK 

Anode  -  C-rbon 

e  -  Crrbon 
.  rrer 
Ho  coo"         used 

pie  -naiysie:  £00  grama  of  unknown  ©lay  g» 

10  sieve,  vibrated  in  solution  for  1  ninute  at 
1000  kilocycles  per  second • 
»#r  ttMd  : 

Center  compartment  -  1925  oc  of 
End  c       ate  -  £000  cc  of  t 
etant  circulation. 
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(sa) 


: 


» 

VO)     .          CU1 

vn 

(sain) 

oC 

(v) 

M 

CLAY 

0 

19 

116 

0*80 

7. 
7.02 

7. 
7. 

1 

19 

13 

0*50 

.00 

9. 

.06 
7. 

5 

19 

116 

0.30 

10.04 

io.: 

7.95 

10 

19 

116 

0.30 

10.42 
10.50 

6.45 
4.45 

50 

17 

115 

0.35 

10.66 

io.es 

4*02 

3. 

17 

113 

0.30 

10.69 

1    . 

»5  • 

.70 

265 

111 

0.55 

11. 

11. 

.39 

430 

18 

113 

0.60 

11.30 

1  ^ *  S  f 

i  'er 

off  approximately  1 

hour. 

945 

16 

lis 

0.30 

10. 
10.19 

4.. 

ID 

in 

•60 

11.07 
11« 

, 

15 

15 

110 

.40 

10.70 
10.71 

.70 

7.26 
7.45 

supply- 

off  approxt          1  v  1 

hour . 

lS 

JLjLwZ 

0.45 

13. 
10, 

7.37 

7.53 

li 

til 

.70 

11. 
lit 

3.16 

7.06 
7.18 

521S 

18 

1 

0.50 

10.    3 
11.00 

3. 

6.52 
6.70 

•5 

-  *  o 

109 

0, 

11. 
11. 

3. 

.70 
6.78 

£2 

111 

0. 

10  i 

1 

3. 

.58 

3.- 

5175 

1? 

1 

. 

10. 
10.34 

3. 

4.03 
3.93 

t  oat  ant 

...  There  was  no  cl       d  on  t      ranee 
time.  '-30 
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DIFFRACTION  DATA  FOR  HUH  #5 
After  Vibration,  Before  Treatment 


•rt£  # 

Radii 
(am) 

1 

1.36 

1.35 

2 

2.05 

2.04 

3 

2.58 

2.59 

4 

3.07 

3.07 

5 

3.46 

3.47 

6-BR 

4.81 

4.79 

7 -BR 

5.75 

8-BR 

7.68 

Dianeter 
(ram) 

2.71 

4.09 

5.17 

6.14 

G.93 

3.60 
11.50 
15.36 


After  Treatment,  4500  Minutes 

2.79 
4.13 
5.17 
6.19 
6.99 
9.66 

After  Treatment,  5175  Minutes 

2. 
4.10 

O  *  c  1 0 

6.15 
6.97 


1 

1.39 

1.40 

2 

2.06 

2.97 

3 

2.58 

2.59 

4 

3.09 

3.10 

5 

3.49 

. 

6-BR 

4.82 

TC  .o4fc 

1 

1.40 

1.40 

2 

2.05 

2.05 

3 

2.69 

2.60 

4 

3.07 

3.08 

5 

3.48 

3.49 

(65) 


DATA  (Cont'd.) 

Ring  #        Radii  Diameter 

(31m)  (mm) 

6-BR      4.83   4.84  9.67 

7-BR      5.78  11.56 

-BR      7.68  15.36 

BR  denotes  a  back  reflection. 
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IN  RUB  #6 

8  -      QB 

-on 
Glass  re     rrer 

no  clay  was  used  in  this  run. 

Center  conpertnent  -  2000  cc  of  distilled  water 
End  conpartiiente  -  2000  oc  of  tap  matter  with  con« 
stoat  circulation. 


(67) 


?. 

(v) 

1 

.5 

U 

0. 

7.03 

5.13 

4. 

1 

19*3 

115 

. 

3.. 

6. 

5 

V7 

US 

0. 

6. 
>85 

•  37 
• 

IV 

.1  L 

0. 

. 

30 

1? 

114 

5*92 

7.07 

110 

.5 

114 

0.10 

U61 

7. 

17.5 

i: 

. 

9« 

►0 

I 

107 

V 

70 

1? 

107 

0*25 

10.15 
10*23 

3. 

.5 

>7 

. 

10 , 

■  1 y  off 

• 

ars. 

90 

•  5 

k  J 

h 

9.38 

3. 

5. 

16  *5 

10 

0*25 

-,7 

. 

• 

55 

1? 

0. 

.32 
10. 

- 

17 

107 

* 

.10 

* 

16 

1 

o 

10. 

« 

70 

17 

106 

0« 

10« 

1 

■ 
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DATE  DUB 

rT^M 

.  3  1 


^S1S   °«  of  ^se  exchange 
of  clays  by  electro- 

dialysis- 
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